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A programof teats on engine induction system de-icing by
means of ile-lohg flulde and by heated air ham been conducted in
a speoial laboratory at the lktional Bureau of Standarih. me
induot~on ayetem teeted conaimted of a eimulated air scoop, a
Honey .l~~ carburetor, a.carhiretoradapter, and a Vright
&ltW, Q-200 euperoharger rear seot~on. 9!hede-icing fluid in-
Jection devloee ueed Included the standard Honey alcohol vent
ring (Honey

L

rt No. 23g3), a modified Honey vent ring (Honey
pert Moo 30g9 , a set of four standard Army no5szles(part lVoO.
@io23 ti 24], and a eet of modified Army nozzles which were
similar to the standard nozzles exoept for larger exit orifices.
The de-icing fluids tested were Solox D-I, isopropyl alcohol,
-rous etW ~cohol, S.D.30, and Shelle.col. In meet of the
teete refrigeration Icing wan produoed by maintaining the car-
buretcm-air temperature at 40° 1 while epreying free water into
the air etream at P. rate of 250 grams per minute.

It was found in the fluid de-icing tests made with the
original Honey alcohol vent ring that it was necessary to in-

i
ect de-icing fluid intc the carburetor at a rate of at least
(1pounds per hour in order to ~.ttainrapid recovery of air flow .
rmdfuel-alr ratio. This Honey ring, beceuse of its poor fltid
distribution, was found to be an uns~tisfactory d~lcing fluid
.inJectlon device at lcwer flutd-flow ratee. However, fitfluld-
flow rates of 60 pounds per hour and ebcve, mpid recoveryWPS
obtfined.

In sono of tho teste distribution of do-icing fluid ovor tho
eurfaco~ of tho omrburotor wne poor, and Ico formed agmln after
roowery of initial.nir flow in epite of oonthuod Injection of
the de-icing fluid. This phonomonon, reforrod to ne ro-ichg,
ocourrod In tho de-foing tests mcdo with tho originnl Holloy ring
at fluld-flow rates below 50 pounds por hour. Ia R SCWiOS Of

ice-prevention toets using Solox LI, aninimun flvid flow rr.to
of ~ pounds por hour wne roqpired to prwoat ico from forming
in the oe~burotor oA admptor.

— ..----- _ —— . . . --- -— -—-
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!Che modified Eolley ring, the krihoeu ~f which -e feuer

In uumberand smaSler In Wmeater than those of the original
t$pe,and also the Army alcohol nosales, were found to have moh
batter dlmtrlbutton olwaoterietim at low flow ratetathan the v
original Eolley ring and, aa a reeult, apparently eliminated tha
wxurrenoe of re-loingc

The”time neoessary to restoreoperable fuel-air ratio
(0.P6!j) from the eatreaely Man ratios accompanying refrigeration
iolng was usually 1* to * tiraesthat neobse~ to restoreoruiO-
hg air flow when eit4@r of the Eoll~ vent rtngs was used as a
:Iuld lnJection devloewlth $03@z D-Z.

Nhenused with ieop’up@ deohol, the gtandardkmy nosslea
were euperior in de-ioi~ &f eat$wneus to other fluid combina-

tions at de-icing flul~ f4w ratea gf ~ to k pounds per hour,
initial air flow being reotoredmore ra-pldlyP.ndoperable fuel-
air ratio being restoredin periodsno longer thnn those Rttained
VIth the other flutd systems. At hi~er rates of injection the
Army nozaleB were about eqial to other systems.

Res,ylts of several t3fthe ta8tm %ndlcatad the.t,to make
tho most effective uee of a &e-li?$ngfltid, it should be inJected
into the tnduotlon tayoteujust ~trasm of and am close as
possible to the Ioe formation to be removed. ~or removalof ioe
from the adapter it ma found that the de-icing fluid spray should

cover evenly and completely all expsed suzfaoes of the mrburetorc
The results indicated that to comply with these requirements
supplementaryfluld i~action systems should be provided for de-
icing of other parts of u induction system where Me mi~t be
expected to-?.ccumuktie.

Manipulation of the throttle during the first few seconds
of fluid alp-icingwas found to hasten reaoveryto lnitigd Ar
glow rate but did not ajppmu to have a noticeable affect on ra-
covery of.opernble fuel-air ratio.

It was found th~t the amount of fluid necessary to remove
ice from the induction ~yetem wea a function of the rate of air
flow to be recovered and some inverse function of carburetor air

“ temperature, The amount of fluid required was substantially
independent of the rate of fluid inJsction at flow rates ran@ag
from 30 to 80 pounds par hour for any given method of inJeotion,
although re+c$ng oocured at ecme of the lowerflow ratee.
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Results of several teats made to investigate the removal.

of hpact ice formed nt n carburetor-air temperature of 25° E
indlcmted tit sFhrated carburetor air at a temperature.05g5°
was slightly superior to Solox D-I fluid spr~ed into the aim
streamthrough the modffied Honey vent ring at gO pounds per
IMYur. The data also indicated that lEIopro@ e.lcoholinjected
juet nhead of the odmretor th%igh the ntrtid Army nozzles
at a flow rate of 42 pounds per hour wan almost a~ effective a
de-icing rgent.staeither of the other”two systems. ~= the
criginel Honey vent ring was u6ed with Solox D-I, It was not
poeslble to attain ndequete remov~ of”lmpaot ioe at de4aing
fluid-flow rates of either 60 or go pounds per hour.

Isopropyl alcohol proved superior to Solox D-I in display-
ing leaa tendenay tward re-loing and greater effectiveness in
the prevention of ice formations. It appeared from the results
of this program that desir~ble oharacteristdcs of an effective

1?.—

de-icl~-fluld should include low vapor pressure, low latent heat
of vaporization, and a large fusion t.empersturedepresraion.

All of the de-icing fluids except Solox D-I had a slight
corrosive effect on aluminum alloy. The S.D.~ fluld, which con-
tained no hhlbitor, also exhibited R corrosive effect on brass
alndOopper.

It WEM not possible to draw quantitative conclusions from .
the results of the heat de-icing tests because of unforeseen
difficulties eqerienoed in controlling the temperature and
humidity of the intake air, and beoause the Laboratory apparatue
failed to simulate adequately an aircraft installation. ne
data Itiicated, however, that a reaecnable amount of heat added
to the carburetor air stream can be as effective in the restoration”
of air flow and operable fuel-alr ratio as any of the fluid d-
icing combinations that were tested. Heated alr in the pres~nce
of free water was effective as a de-icing agent when sufficient
heat wag supplied to vaporize the water and raime the temperature
of the moist air above llmits of icing (gOO N for this induction
system).

INT~CTIOX/
/

The object of the tests described in this report was to

-investigate the effectiveness of fluid and heat de-icing equipment
currently used with engine induction systems and also to determine
optimum values for de-icing fluid flow rates and heat input to “

. .
.—. . --
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d tiain rapidrecovory of engine power d% er an a~aciable per-
centage af power has been lost as a result of he formation. A
range of engine-operating oondltlons and variow simulated weather
condltions were covered in order that the results of this work
would fhd broad qplioathn.

These teata repreeent a portion of a researoh program on
induction-eystem icing conducted at the JJationalBureau of
Starxlardeunder EMU taponeorehip. An inveetlgation of the icing
ti=terietica of tho engine induction aymt= US~ In the pree=t
yrogram hae been made. !l!heresults of this work are described
in reference 1. Thle research proJect Is being financed Jointly
by the Army, the Havy, and the ZsttlonelAdvleory Committee for
Aeronautics. Support also has been
Aeronautics Administration. .

rmeivsd frcm the Civil

The onglne Induction system used for the tests deecribed
in thirareport conaiated of a 90° .plpebend ahulating an air
scoop, Honey 137N cesburetor, a carburetor adapter, and a
Wri@t R-M20, (’3-200supercharger rear section. The teste were
conducted in an altitude laboratory at the ITationelWreau of
Standards. The various parts of this laboratory induction system
teet installr.tionand also the method cf cperating this appesatus
to produce iae formations in the induction system are describ~
in detail in referonco 1. The fuel used in the tests was a white
unleaded gasoline of 73 octane rating with distillation chnracte~
Istios similar to those of currently used aviation fuels. ‘he
induction system test apparatus and details ~f the induction
system pertinent tc the present tests are shmn In figures 1 to 30

I’orthe prwaent program this apparatus Is unchanged except
for the provlsicm of Army alcohol-lnJeotlon nozzles, de-ioing
iluld pressure tank, and e slight rearrangement of the apparatus
necessary for introducing heated air Into the inducticn system,

Se-al alcohcl-inJection devicee were tested in the program,
including a etmdard Honey mnt ri~ (part No. A2X3), modified
Eclley ring (part No. A3089), a set of four etandard Army nozzles
(d+023 end A@1024)B and a sOt of fOu sllghtly modified Army
nozzles. The etandard Honey ring is an aluminum-alley casting
which has the sme inner dimensions as the interior walls of the
carburet~r emd is installed just above the throttle body,

I——.II ■ lmm Immlml 1 -Iml m-,
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De-iohg fluid enters this hollow rectangular ring through one
paa~ and IS InJected intc the air stream through 16 orifices
of 0.031-Inbh diqmeter,-.f= orifioes-being located on eaoh side: -
of the-”rl@~ The mdif ied Holiiy..ventring is siintlsr In general
dimensions to the s~ type, bti has eight orlfioea 0.016 inoh
in diameter, whioh me drilled into the rihg so that the fluid is
eJeoted from them at an _ angle of 40°, four of the orifi.oes
being looated on eaoh of t~ opposite sides of the ring. The

doohol spray Is dlreoted qoroaa the carburetor normal to the
axis of the throttles. “

The set of four Amy nozzles, whloh have orlfloes of 0.020-
imh diameter, was inst.dl.edin the walls of the air-intake duet
2 Inohes above the oarburetm, with two of the nozzles looated
on eaoh of two opposite sides. Thb modified Arrw nozzles, which
were used in several of the tests, are silniltito the standard
nozzles except that they have O.0225-inoh-dlsmeter orifices. The
nozzle looatlon 2 inohes above th#.~buretor, which was used
throughout most of the tests on the Army nozzles, represents a
typical service inetalllatlon.During one Oeries of tests a set
of standard Army nozzles was ~unte!d in the elbow of the air
ecoop, as shown in fi~ures 1 to 3, in order to determine the
relative efflcienoy of the ‘nozzlesfor another servloe instal-
lation.

For forcing the de-i.c~ fluid into the carburetor through
the Honey ring, a standami electrically driven de-io~ fluid
PW ~s ~oYed, rate of flow bglng controlled by a rheostat
d a bypass valve. In the tests made with the Army nozzles,
it was necessary to force de-icing fluid into the Induotion
system tier higher pressure than that required with the Honey
ring. For this purposea sealed tank containing the de-ic”hg
fluid was employed. The de-ioing fluid was supplied under a
pressure which oould be varied between 5 and 100 pounds per square
inoh bymeane of air pressure supplied throu@ an ad@stable pres-
sure regulator valve. Rate of flow through the standard &my
nozzles was controlled by fluid pressure.

The de-ioing fluids tested Inoluded Solox D-I, isopropyl
aloohol, anhydmus ethyl aloohol, S.D.30, and SheJJ.acol. Solox
D-I Oonsists of anixturo of 90 percent ethyl and 10 percent
methyl aloohol to whioh is added a oorrosion inhibitor and one
gallon of gasoline per 100 gallons of m’Lrture. The isopropyl
aloohol used is a liquid of 98 percent oanmeroial purity. S.il.3Cl
Is a’mtituw of 90 peroont ethyl and 10 percent methyl aloohol
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wMch contains no oorroslm inhibitor or further denaturing
material. The physioal properties of S.D.~ are eimller to
tho~e of SOIOX D-I. The 6pecifSc gravityof eaohof the above
fluidsis 0.7g9 at a tqrat=e of 20° G ~ell=ol Oonelsts
of ethyl alcohol denatured WIth methyl alcohol, ethyl aoetate,
methyl Isobutylr ketone,and aviationgasoline. The epsclfic
gr~vlty of tMO product im 0.% to 0.g2 at a temperature of
15 c.

Rate of flow of de-iolng fluid into the induction system
was measured by a rotametero Because cf the different flow
charecteristtcm of the fluids teeted It wam found necessary to
calibrate the rotameter for each fluid in order to insure accurate
measurements.

For the heat de-icing teata, the inteke alr was heated by
:=eoing it throua six banks of steam coils, as shown in figure
1. Rate of flow of heated air was controlled by a thermo-
statically operated butterfly valve which bled heated air from
the alternate air source into the main air duct to be mixed with
the cold air. With thi~ oquipmmt it was found possible to raise
the temperature of the eir to 15@0~ at an air-flow rate of 50!)0
pounds per hour if no freewater were present. The temperature
of the intake air wae measured by a pressure-bulb thertimeter
installed in the Intake duct ne= the mouth of the air scoop,
and to this thermometer was connected a thermostat which, in turns
regulated the operation of the butterfly hot-air valve. A special
window, shown in figure 1, wae built into the air-scoop elbow
in order to prmit observation of the formation of Ice and its
removal,

A twelve-point recording potentiometer with a range of 0°

to k30° E was em~loyed to measure the temperature of the intake
air, the air temperature at the steam heating ooils, and the
engine-compartment temperature during the heat de-icing tests.
3ii@t elements of this instrument were con=cted to the carburetor
air temperature thermocouple, sad in this way the air temperature
wes meaeurcd every ~ seconds.

The carburetor used in this reseruwh programwqs not
equipped with a means of ccmpletc cmponsotion for changes In
‘&e fuel-air mixture due tc changes in altitude or in air temper-
ature. Tho latter factor was cfinsiderodimportant in commction
with this program in view of the heat de-icing tests that are in-
cluded. Several tests were mado therefore to determine the change
in initial fuel-air ratio resulting frcm increases in carburetor
air temperature. ~s calibration curve is shc)wnin figure ~.

—-. . ----- I
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....-. .L - In mbst of the de-icing teets the carbureto~air tempera-
ture wae set at ho ~, and the Ace which formed In the induction
eymtem WaO the refrigeration or fuel-evaporation t~e. A
typical.iee formation of thio t~ iO shown in figue 5. Sev-
eral teete were also made at 25 B carburetor-air temperature
to investi@e removal of Smpact ice by means of de-icing fluid
and by application of heat. An impact ice formtion 10 Oeen
in figure 6. !Che effewt of ice forming Zn the mystemon the ai~
flow rate and the mixture ratio under these two condttions be-
fore the d-icing proceeo wae mtarted ie mhown in figure 7.
The Hcllex vent ring wae chosen ae the tatandardfor compeu?ing
the effectiveness of the verioue de-lclng fluld inJection de-
vicee.

The method of forming refrigeration ice h the hductlon
eyetem wam in all caeeta shllar to that employed during the
program of icing teste made on this induction system deBcribed
in reference 1. The Initial.rate of air flow In meet of the
tests was met at h pounds per hour, the mixture ratio at
0.070, md the carburetor-air temperature of ~“ 3’. After theee
conditions had been eetnblished In each tent, free water wae
introduced into the alr stream at a rate of 250 grame per minute.
When efficient Ice had formed ae a result of theee conditions
to reducethe air flow rate to 2000 pounds per hcur, which is
50 percent of the Initiel rate, the d.e-ichg process, emFloying
either a d-icing fluid or heated clr, was started. In most
of these tests the fuel-air ratio fell below the minimum operable
value, which was considered to be 0.065. The teat was then con-
tinued ‘antilall Ice was obsm=ved to be removed from the Induction
syetem,.until tho air flow had stabilized, or until definite
evidence of re-icing wae displayed.

Re-ici~ ~ be descr~bed ae the for~tion of Ice in the
carburetor after initial recovery of air flow, the ice forming
in Bplte of the csntinued injection of de-icing fluid. Rd-iclng
wae manifested by a drop in air flow and by enrichment of the
mlrtu-e.

Vieual observations of all import~t vartables, including
iate of air flow, fuel flow, and alr temperature, were made at
Intervals of 6 seccnde during the first.2 mingtes of W-e de-
ici~ period in oaoh test. !?laeinterval between measurements



was then lengthened to 22 eeoonde for the next
this critical portion of the ih-iciag process,
recorded at longerintervalta.

minute and, &ter
the data were

During mmt of the teete the water spray wag conttnued
throughout the de+ oing period. This procedure represents the
situation in whi~ flight through icing conditions ificontinued
while alcohol or heated air is being applied to remve the ice
formation. Tests were also made In whloh the water SKSY was
turned off at the beginning of the de-loing period in order to
simulate the conditions of de-icing without further rain ingestion
Into the imctlon system

The free water Ingestion rmte of 2X gram per minute wa13
held constant during the test end is equivalent to a rain density
of 10 grams per OUblc meter within the elr scoop at cruising
-rowerat sea-level preseure and 4C0 r mrburetoz-ir te.mpersture.
Bate of water inge6tion into an induotion system in fllght is
primarily a function of airplane speed, dimensions of the air
scoop, end outside rdn density. The latter may be only a fraction
~f the rain density within the alr scoop, owing to the ramming
effect. The total amount of “wsteringaatti also may be affected
by the application of carburetor Mat. cince heat increases the
oapaclty of air to carry water as vapor. Details of the operat-
Lng conditions and also of the results obtained duringeaoh test
ar~ containfd in table I.

DISOUSSIOIJ~ TZWTS A.UllVMJLTS

The results of the de-icing tests desoribed
sre presented in table I and in the eccompaqdng
duwn in the tables the test program was divided

in this report
charts. Ai
for convenience

into various series of tests,-A to H, according to the various
speoified conditions. The alcohol de-icing tests are included
h series Ato L. The other two series are the heat de-icing
tests.

Although it is beliaved that the results of this investiga-
tion will be of general value, it is necessary to point out that
the date contalnod In the report should he applied with acme
caution, especially in connection with the operation of induction
systems other ~ the t~e tested in this progrem. Both icing
and de-lclng are influenced to a certain extent by the design
and flow ctiacteristics of different engine induction systems.
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Ioe formations are also not always identical in nature for
similar icing conditions in the same inducticn system. This can
be eeen by comparing the resulte given in the repo-ot-of-t-e~ete
made atsubetantlally iamioid ‘CO&~t%Ori81-‘&other factor to
be eon8idered in applyingthe result8 of thi8 invo8tigation i8
that the “icingwhich occhrred in the8e te8t8 was mmh more 88V8re
than would b8 normklly c~eoted Sn fli@t at the temperatures
inve8tigated. An emrhneed pilot would be e~ot ad to become
aware of the Ice formation and to take protective mea8ure0
beforethe engine power i8 reduced by 50 percent, the level
reached in the laboratoryteete. Becauge of this latter f~ctorw
the re8ult8 contained in tht8 report are believed to be 8ome- -
what cellscn’’vativ-e.

MOte8t8 wetre made to Snve8tlg*.tethe effect of icing on
mixture di8tribution to the indltidual engine cylinder8: how-
ever, experience has shown that obstructions in the air pa88age
cau8ing flow diversions affect d18tribution.

In meet of the fluld de-icing te8te Solox D-I, injected
into the carburetor through the original-type Honey alcohol
vent ring, was employed, This combinat~on was therefore cho8en
a8 a standard for comparing the effectlvene8s of other fluid
in~eotion devices and fluM8.

l’luidDe-Icing Te8ts

Recovery of emergency rower - Honey ri .- It was the
object of the first groupof tests -?(Series A to determine the
time requlrad to attain the air-flow rate corresponding to
emergency engine power (7000 lb/hr) by the injection of de-
icing fluld at variou8 ratee of flow through a Honey vent rhg
titer sufficient iCe had formedin the Induction 8ystm to re-
duce the air flOW tO 2000 poud8 per hOUr. me ifitid rate
of air flow was set at UOOO pound8 per hour,ae in almost all
of the te8t8 Of the ~gram. At the beglnnlng of the de-icing
?erlod in each testof thi8 series the throttle was opened wide.
Zhe mixture 8etting was left unchanged when the throttle wa8 .
opened, although in fli~t the mixture ratio would have been
increased by 0.015.

. The reeult8 of the te8tS of 8erle8 A are shown In flguree
8 and 9. It wae found that 90 percent (63m lb/hr) of the air-
flow rate nece88ary for emrgenoy power could be restored in -
1* minutaa with de-icingfluid 8pr@ into the carburetor et a
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rate of @ po=ds per - =d in 1 mi~te for a d-ia~u
fluid rate of 90 pounds POT -D me the re~r~ to r-
cover a fuel-air ratio of O.0~ was ab~t equivahut to
that for reoovery of W percent air-flow rate~

Reooveryof Oruiaim% Power - Honey rl~ . - The tests
of series B were made to detsrmine the time necessary to
recover cruising rate of air flow (MOO lb/ti). ~ tk
inJection of Solox lLI and isopropyl alooholthroughthe
Hollay vent ring after 50 percent of the Initial air-flow
r~te had been lost beoause of the formation of ioe. In
this group of tests the usual procedure of continuing the
water epr~ during the d-ioing as well as the icing period
of the tests was folloued. The throttle wae held fixed at
the initial cruising setting.throughout the tests.

The results of these tests are shown In figures 10 to
12. It was found that with Solox lhI ~ peroent of the
initial cruising alr flow rate was restored in a period
of 33 eoco”hdsat a d-icing fluid flow rate of 60 pounds
per hour and in 15 semnds at a de-icing fluid flow rato
of 130pounds p= hour~ The tine requlrsd to reoover mini-
mum oporable ftml-air ratio (0.0$) ws almost twice that
required for 90 percent recmery of initial air flow in
these tests. The rates of a3r-flow recovery attained with
the injoction of 1sopropyl alcoLol at rates of ~ pounds
per hour end above wero equivalent to those attained vith
Solox ILI at .eqyxilflow rates. Isopropyl alcohol was in-
ferior to Solo= D-I, howover, in reoove~ of operdle
f’uebair ratio at all fluiddlow rates.

It was found in the tests of series B that.rs-icing
ownrred during the inJeotion of de-~ fluid at flow
ratee up to “$ pounds per hour, In tideoataeof Solox ILI
the redoing was efficiently severe to redrme the air-
flow rate to 3300 ounds par huur an& to .enriohthe mi=

tture ratio to O.Og at a de..icingfluid flow rate of ~
pounds per hour. Ws r-icing oomrred after tho crui-
ing air-flow rate, l+f)OOpounds per hour, had-been restorod.
As shown in figure10, only a vor, slight,amount of r-
icing ocourrod in the isoprupyl tests of this series at
fluid-flow rates above 20 pounds pcr hour.

The enrichment of the mkture during re-ioing was
oaused by the formation of ico on tho throttles and in tho
venturi throat. This resulted from the throttling action

..—. ..— -,—. . .— -- .. ——. - —.. -J
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of the ice h the venturi ~ich reduced the alr flow but
maintained high air velocities and thereforelow pressures
-~n -t,hqviciqity of the f%el nozzles, filnoethe fuel-flow
rate wah controlled by the difference between a metored
fuel press~o and the venturi suction, tho fuel-flow rate
was therbfore maintained or inoreaeod by redoing.

It wae detomined by visual obtaorvatlonsmade through
tho window in tho aim soo~ elbow that.the r-icing phonom- “

“ anon was oaused to a large at ent by the nonuniform spray
of de-icingfluid made by the Honey vent ring. Very
litt16 deiaing fhlid WM ObOOrVOd tO flOW thrOll@ thS
oriflcos looated at tho oorner of the Holloy ring farthest
from tho d-icing fluldintdco lino tQ the vent ring,
eapocially at low rates of d~icing fluid flow~ Below
this etarvcd corner of tho Eolloy ring ioe formed in the
oarbumtor vonturis and in some oasoe above tho throttlcs~
~oso ICC formations wore aacol~e.tod by the rwiuotion of
carburoto~r tomporaturo caused by tho o~oration of
do-icing fluid.

Tho superiority of isopropyl alcohol In proventlng the ‘
omurronoe of redoing was attrlbutod to tho differomes
between tho physioal proportion of isopropyl @ad Solox lLI.
Isopropyl elcohol has n lowor vapor prossuro and, as a
result, a smeller porcentago of this fluid evnporatos during
the d~ioing procoss then occurs with Solox ILI. 3CC2US0
its latent h~t of vaporisation ie also 10ES than tlmt of
the ot~l or motbyl alcohol, tho sam emount of isopropyl
in evaporating has a 10ssor refrlgoratlng effoct.

Do-Ioing without Wter Ingestion - Honey ~w .

Ihlng tho next group of tdsts (scrios C), in contrast
to most of the tests of this progrrm, tk water sproywas
turned off at tho start of the de-iolng Feriod in order to
represent the situation of changing ov& to an altornate air
intake by moans of tiioh water ingestion oould be olidnatod
during the de=-icti. Otherwiso the test conditions of this
sorios wero similar to thoso of the.preoodlng series. Solox
D-I WM used ae the dbicing fluid. “

In tho tent.sinvolving dc-lc$ng fluM flov r~tes above
~ pounds per hour, the dffferonce in the for rooovery of

\
..
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aiI-flow rato and fuebair ratio bctwcon the dry end tho tit
air conditions was nogligible~ It wns nlso notod that there
was go tendonoy toward r-icing in th.esotests. This would
bo expeatod sinco the cause of tho ioing wns subetantinlly
eliminated wham the water wam turned off. Tho results of
theso tests =0 shoun in figures 13 and 14.

3ccauso with ~ alternato air-intako systmz a modorato
inoroase in odnzroto~air tcszpordure oan be oxpoctod, two
tests wore inoluded in this sorles In whiah the air tempo-
ture was sot at go 1’and at 0° F, rospoctivoly, rather

zthan at the usual valuo of 40 ~, It was found, howevor,
that tho amount of hoe.tadded to tho intako air by those
tqoraturo rlsos w.s insuffichnt to cause an epprociablo
roduotion in the tlmo reqrdrod for rooovory of tho Inltisl
rate of air flow.

Stnndard Amy alcohol nozZ1OS - m’uislng powert - Sev-
orhl de-icing tests (mrios D)”woro rondowith the standnrd
and tho modifiod ty_pesof &my alaohol nozzlos, using
SoloxD-I, in iolng conditions sirdlar to those of series
B. In eaoh of those tests tho elcokol-ln~ection nozsles
wore installed in theirusual location In tho walls of tho
dminteko duet 2 inohos above the cdmrotor.

Tho roeults of thoso tests (figs. 15 and 16) showed
that with both typos of nozzlos tho timo roqulrod for 90
porcont rocovory of initial.cruising air flow was some~t
longer them t?v,troquirod with tho Honey ring for oqyd
rn.tosof d~ioing fluid flow~ ThQ timo roqpirod for r-
Oovory of oporablc fuel-air ratio vnriod from about ~
times the period for gO-porcont air-flow rocovory at a
do-icing fluid inJoction rato of 6 pounds per hour to about
three times tho dr-flo~+rocovory poriod nt a 30-pounde-
per-hour injoction rate. Very li.ttlodifference could
bo dotoctod botwoen tlo relativo deicing offoctivonosa of
tho tw +ypos of &q no!zzlosusing Solox ZLI. ti”otondoncy
of ro-ichg was obsorvod in q of tho tests of this group.
%s wns attributed to tho czcollont do-icing fluid spray
patterns producod with tho Army nozzlos. The spray com-
pletely covorod the oarburotor surfaces at all rates of
fluid f’10W tostGd.

hwz figure 16 it ccn bo socn that at de-icing fluid
flow rates above 30 pounds per haur no ~rociablo dooroaso
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in time of air-flow-rato “recoverywm produced. Inoreascd
flui&inJ ection ratetarequired hi#mr fluid prossuros wkich
produoqd -~-eater.atomization and penetration of the sprays.
These factors probably i~rcvedo fluid M stribu~icn, but
thle was moro than.offset by tho mccoleratod fluid evapor,%
tion olso resulting frem.increased atomization and pcnotra-
tion. When m loseJvolatile fluid such as iscprc@ eloohcl
was used, thls offact was not ep.ymmt ●

Elow of ds-loing fluid through the standmd Arq nos-
Z1OS is eontrelled ~ fluid prwmure- It was noted in
genornl in the teats of tildeprogrrrnmdo on the stmd
Amy nozzlos that at hhc do-icing fluid pressures genernlQ-
usod in airplane installations, 10 to 20 pounds por squaro
inch, that the ratoa of reoovery of air flow attained wcro
m littlo fiff=onbo” “!Ceatewith the modified Army nos-
zles, tich aro similps to tho standr.rdtype except for
slightly larger orlflees, wore included In this program in
order to investigatee tho higher ratos of alcohol flow for
a ocmparison with tho tw typos of Hc1lw vent rings. It
should IJOnoted that alcohol prossuros dbove 20 pounds por
sqpare inoh are not ueually cmdlablo in aircraft fluid
&loing installationae

In tho tests of series B!tho do-icing effoctlvenoss
of the standard- and tha modificd-typeArmy nozzlos with
isopropyl aicohol inrcst!oringcmuising power was investi-
gated. Tho results aro shown in figures 17 to 20.

It was found that the mcdifiod Army nozzlos with isc-
propyl alcohol were about oqqcl in rooovery of cruising
air-flow rnto to the Honey alcohol vent ring tith Solo=
~1 hut wore oonsidez%iblyinferior in fuel-air-ratio ro-
ccvory. The data indfmted that the stsxdard Army nozslos
were o@U.y as offoctive m de-ioi~~ agcqt as the Hellcy
vent ring dth Solox D-I in rocovcry of both cruising air
flow and opmable fuel-air ratio at d~i@g fluid injoc-
tion rates of ~ pounds por hour or “more. At flow rates
lower than thlS, or in tho rango In which the ~ nozzles
=9 usually cperated, they wore somowhat superlor to other
fluid systas toated in air-flow rocovew. 90 P .rccnt of
cruisi& air flow rate being rostorod
do-icing fluid flow rato of 30 pounds

-.. .-.

in- 36- sofids at a
pm hour.
. . . .- . .
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13everal tests wero made to detemine
nees of the standati Army alcohol nozzles

the offeative-
vhen installed

in the elbow”of the air ‘-OOP,as shounin figures1 to 3.
It wstafound”that he wataranoved frb the induction e7s-
tan at a muoh slower rato the~ when the Army nozzles were
installed at tholr usual looatio~ as shown in the cow
traat in the slopes of the aimflow ourves in figures16
end19. This dift%mmoe h effeotivsmess is scamwhat more
evident in figure ~%

It was observsd that t+hepo.acperformame of tho kmy
nozsles ~en install@ is the al-~ooop elbow was the re-
sult of nonunifcm d$strllnx-on of the de-icing fluid at
the wu%uretor. A part @ the &ialng fluid was oarriod
by its own inertia to tha ~eaa ut~e of the air-scoop elbow
while another portion flowed ~ong the bottom of the air
soo~. Thus only a small percentage of the de-icing fluld
passed through the oonter of the carburetor, and that pom
tion flowing along the scoop walls was considerably dilute&
Ilzringone test made with the standard Army nozzles at the
alternate location in the ai>scoop elbow, tho water spr~
waa turned off at the utart of tho do-icing period.

St~ing ingsstion of rotor @ tho air stream had lik
tle immediate offoct on thciain.flow recovery sinoe the
-t or remaining on the wells of the aooop and tho duet oon-
tinued to be swqpt through the mwburetor. When most of-.—- -
this residual water had been ingeste~ the de-ioing fluid
became moro offective. !J!hiswns .evidenoedby the sudden
rise in fdr flow In run 37A titera period of ~ minutes.

Modified Honey ring - mlisllu? Power. - Booauso of
the poor d~lcing fluid spray distributions at low fluid-
flow rates obtainod with tho standardHoney ring,resul-
ing in r-icing, the modified Honey alcohol vent ring was
proouredand tested. Theso tests, series F, wore made
under the usual conditions of series B, with Solox ILI used
as the ki~ing fluid-

.
The results, shown in figures 21 rind22, indicated

very little difforenoe in Ee-doing offactiveness, as meas-
ured by rato of recovery of aruising air flow end operable
ftiabair rntio, between tho two typos of Honey vent rings.
With the modified mlley ri~, howovero a muoh more uni-
form spray of de-icing fluid was obtained, covering the
various eurfaoos of the carburetor with fluid at all rates
.*

. . . ... . .. .
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good 6pray pattern, r-ichg

Hfeot of throttle opening on de-ioi~. - l?heob~ect
of the next ~o~ of tet3t0(series G) was to investigate
the effectiveness of fluid d&iaing @ various throttle

W-s ~oh mo~ed iee-free alr flow rates from 5C)O*
to 7000 pounds per hour, rqn?osontlng a ramge from idling
q to anergenoy engino power. We standard Honey aloohol
vent -ring with Solox ~1 mas anploTeL In eaoh test tho
mtxturo ratio w.s got at a value &i& would produoe sat+
lefaoto~ engine @omti on at tho oorrespond@g air-flow
rate. The de-icing fluld was i~ eotedinto the air stream
e.ttwo rates of flow,,~ and ~ pounds per hour, for eaoh
of the four throttle cipenings. .

7

The results of this group of tests, (fig. 23) showed
that with de-ioing fluid injected into ‘Lo carburetor at
@ pounds per hour the time required to attain go.pement .
reoovmy of tho initial rate of alr flow was eqpal (about
18 see) at almd’low rates of 500, ~, and @X)O pounds
per hour. The reoovery time was som@at longer at eaoh
rato of air flow for the tests in wkdch de-lolng fluid wns
inJected at @ pounds per hour. In the two fhll-throttlo
teats, however, the time reqpired to restoro 90 porcont of
tho initial air flow rato ma considerably longor- 1.3
and 1.1 minutes for d~ioing fluid flow retee of W end
60 pounds por hour, roepoctively. %s difference result-
ed from the fact thnt more ice must be rmoved from the
adaptor at full tl?~ottleto provide the passago eroa nece~
q for the hi@er flow rates. h the two tests st~tod

——--—.—.———-
*In the tests performed at ~0 and ~00 lb/hr initial al??
flow rates, the carburetor msnufacturer~spropelle~load
ourve was used for en ai-flow calibration. TM e was done
by setting the throttle smglo and oerbumtor pressure drap
to give the desired alr flow value as det~nod from the
ourve. As the iolng proaeeded, tbe oerburetor proesum
drops were reeorded and referred to the ourve to ftnd the
corresponding air flows. The fad that the inorease in
throttle drop was due to loo formation rather than to
throttle olos~ was a souroe of error:however, it was
assumed that the readings made in this meaner wero within
the RcournlJyof the toat dmta.

.—
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“ at 50(kpound*pez40ur air-flow rat q engh+ldling conditlens,
the mixture uae very rioh at tho atort of the d-ioing but
became leas rich as the do-icing prooeede& Tho mixture ratio
remained rioher than the tnittal kalue evom after it oould bo
seen that moat of the’ioe had been removed. This mnditlon
wns the result of ioa forming in the venturis, affeoting the
flow of fuelm

Effcmt of throttle mad
~

. Sovorsl ~loratory
tests were inoluded in thoprogram eerioa H) to Investigr.te
the cffeot of various throttle man~~utions on the do-icing
effectivanoss of Solox IbI eprqod tnto the carburetor through
the standard Honey vent r~ng~ ~eo tests wero made under
the icing conditions of series % me rate of de-icing fluid flOW
was set at b puunds per hour for enolhtest.

l!he result of one of those tests (run 50, fig. 24)
Rhowod tbt tho toobniqpe of repeatedly closing and oponing
the throttlo to cruising sottlng at a rate of about 1 cyale
per seoond for the first 10 sooonds after tho dart of the
de-ioing period produoed 90-pormnt recovory of tho oruising
air flow rate in a period of 6 seoonds, a moro rapid re-
oovery rato than aohlmecl in any o~thorfluid d-ioing test
in this program !lhedcta also indicated that the air flow
can be restored more qyiokly by opening the throttle wido
at the start of tho fluld &ioing period than ~ opening
it in sevep steps. The rapid reoovory of initial dr=flow
rate aohievod by menlpule.tion of the throttle qpearod to bo
due to the loosening of the Ice by the prossuro surges of tho
airs It was obsorvod tkt ioe dia not form dirootly on the
throttle during any of theee toats. Booovory of operable
fhel+dr ratio did not ~pciar to ho imyrovod by throttlo manip-
ulation.

~ beneficial effect of tirottlo manipulation oan also
bo seen in tho roeults of the tests of series A (figs. g end
9) in ~ich tho t~ottle was opened wide at t- start of the
de-idng pariod of oaoh test. In analyzing these data it was
found desirable to plot ourvos in figure 9 to show rocovory
of air flow &nd fuebdr ratio for oruising and also for fUl
power. !l!!mso&ta indicated that recovery of both cruielng
air flow ~~d operc,blefuel-air rc.tiowas aoaomplished more
re@31y by opening the throttle thm by leaving it fixed as
in series B@
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It must,bepointed out that the data obtalmil thus fer
on the offoct of throttlo msnlpule.tionwero ineuffioiant for
E therough.analyais. - J ‘retie“oontplete -izxvemtigationof tho
effeot of throttle miilptilationon almhol de-icing effective-
ness ~eam doeirdble,

Oomori son of do-icing fluide. - Several teste wero
mddo to determine the relativo effectiveness of various do-
ioing fluids ~ I@ eoted into tho dorburetor by the stand-
su?dAmy nozdes (series I). !Cho.toats woro m~e under”the
usual ioing oondlticms of .seriosB. “-icing fluids teeted
inolndbd ethyl aloohol, %dllaool, and S.D.W.

Becsulsoa total of only five tests wero eonduotod in
this eeries, inoluding a slnglo test with =laool nnd two
with enoh of the other fluids, it ma not poseible to make
dofinito conclusions from tho resulte. The data Indiontd
tontatimly that six@’l~rocovery rates obtainod with
ethyl alcohol and with S.D.~ wero rou@ly h the eamo range
as thoeo obtnlned with Solox D-I ad isopropyl alcohol in-
Joctod through tho m nozzlos. Eecovory of opGrahle f’ucd.-
air ratio WIth those fluids w slower, however. on tho
basis of one test, ~lnool ~oarod slightly qporlor in
do-icing effoctivoness to tho other fluids.

DEAf31ng U1.th Vnpori.zcd Iilooholo- Two tests (series J)
were made to inwostigate the offo=veness of vnporlzod iso-
propyl alcohol as a d-loing cgent. Ono of t~oso tests was
miideunder the usual icirigmndltions of serfes B, while in
the seoond teat tho ~t or epr~ was turned off at the start
of the de-ioing p~io~ The alcohol was Ixxttodto a tmpo-
turo of about 110 F and then ~rayed into tho air-intako
duet at a point a short distanoo downstdsam from tho hot alr
E$qply&lot.

Tho results of theeetwo toets (fig. 26) showed that
vsporlzed alcohol ie a far less effootlve de-loing agent
than liqpid alcohol, a time period of 2 minutes being required
to reetore 90 percent of the orulsing alr flow rato in both
cases. ~ qmt ity of &9g pound of mpofi %d is~~yl a100hol
=S rdquired to produoe ~orcont aim.flow recovery with in-
jeotion of f roe water continuing through tbe test end 1.20
pounde to produce the semo reoovmy when tho water wns shut
off. =S mn ho contraetod vit:lavere~e valuee of 0.36
pound nnd 0.41 pound of liqpld isopropyl sloohol reqplrod to

-— —-
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rodwe gO-permnt aimflov recovery under the same conditions-
L rate of flow “ofvnporisod alcohol was directly proportional
to the rate of &r flow. ME, in figure 26 It O= be seen
that the rato of alociml flow In one test ranged fram 20 pounds
per huur at the start of the dedoing period to ~ pounds per
hour at the end. h tho othor teet tl.enloohol-flow rate was
some~.t hlgher~

b ~or?.tion of the dodohg fluid tended to rduoo
tie onrbureto~r teuperature, but boocuse the aloohol was
introdmod into the intake duet upstream from the prossurs
bulb themmnot or W.lch thormostatioo,llyregukated the flow of t
hoctodmir into the intake duet %nt me added to the air to
maintrdn tho set tarperaturo. his heat input assisted San+
-t in the removal of the ioe formations, making tileperfom-
=oe of tk8 ~cohol -or ~~.p~ gom~k?t bett@r tti oth~ti se
would havo boon possible.

Anti-ioing effectiveness of d-lain~ fluids~ - The teats
of serlos K were Performed to det~lne the offectivenoss of
isopropylnlcohol-md Solox ILI in prevonthg the formntlon
of ice. The deicing fluids wore in#ected Into the cerburotor
throu~ the stande?d Eill~ vent ring nt vi?riousratcs of flow
and were turned on with tho water spray at the beginning of
each test. Tho tests wore made at cruising alfiflow rnte of
4000 pounds per hour”and @ the usual 40c’Y carburetor-air
tomporature.

It -S found in tho results of those tests (fig. n)
that, tith Solox DJ, a de-icing fluid flow rnto of at 1~.st
50 to @ pounds por hour was required in order to prevent
tho formation of ICO. Isopropyl alcohol provod superior .ae
an anti-icing agent, en alcohol-fiow rate of 30 pounds por
Your ?mlding Wo alr flow rbost constantly to Its initial
rate. The greater offectivenoss of isopropyl was attributed
to its lower vapor pressure and latent heat of vaporization,
which wore pointed out as the causes for its superiority over
%1OX D-I in provonting the occurrmco of redoing at low
rntos of de-iohg fluid flow in tho d@lolng tests. Tho ioe
fornatlons whiohomurred during Km onti-icing tests wre
similar to &o formntlons reforrod to as r-icing. Ikric.?.?
mnt of tho mixture, &arnct oristic of PJ1 runs during which
ioe fomed, wc.scaused by ioe forming In the venturi t?z’oate

- ..
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Removal of is!lpaet ioq . - Remval of i~~t-iCO fo~
tions from the indnetion systQU by th~ introduction of b-icing
fluldE into tho carburetor through v%wiuus lnJeotion devices
wa~ invomtigated in several tests under series LO !l!heueuol
proeoduro of forming 100 was followo~ exoept that the car-
roto~r tonporaturo was held at 25° F instead of at k“ ~.
The inpaot ioe Uch resulted fornod ovor tho throttle and .
bridged aoross the odnrretor venturiso

The results of those tests, shorn in figure X, indioatod
that, with Solox ILI lnJootod into tho mrburetor at a flow
rato of &l pounds per hour, tho modifiod Holloy ring, owing
to Its better distribution oharaotoristics, was oonsidorably
superior to tho standard HoU.W ring in ramving inpaot ice.
Tho initial A*flow rato and o~ernblo fuel-air ratio wore
not rooovore@.under those condition with the standard Eolloy
ring. ma wam attributed to poor distribution of do-icing
fluld whioh appeared ospooklly crltloel under i:Jpaot-icing
conditions●

In ono test of this group, hoatod air (tonp. raised
from 25° tO &jO m) WM mb6titut0d for z3Jc&ol =.6thO dO-
icing ~mt. The result was e sli@tly noro rapid renoml
of the Iupact-ico formation than with d-icing fluid inJootcd
at c rato of gO pounds pol?Ymur through tho uodifiod Holloy
vcrntring, 90 poroont of the Inltirl omising flow r-.tebci~
roetored in a period of ~ noconda. It was found in ono test
nade with Amy nozsles using isopropyl nlcohol inJcctod ,ntn
flow rate of h pounds por hour (20 lb/sq in. press.) thnt
tho irrpaotdae fomation was rcnovoiialaotatas rapidly as
with an g&poun&por-hour flow rate of Solox 11=1Injoctod
Into the aarbumt or tkrough the modified Honey voat ring.

It is plennod to oonduot additional tests on tho r-
novol of l~ct ico froEIinduction sytas in order to inves-

tigate blolng at lower earburoto~air t~orntures and to
raproduoe the formation of snow in tke Induotion systens.
In those toets it is expooted that a wider range of varkbles
will be invosti~t od than ~s possiblo in the present briof
series~

Anount of fluid required for deioi~. - In analysing
the results of the d-icirc tests, table II and swersl
ohcrts (figs. 2g to 32) w?ro prep&d to determino tko enoupt
of fltid reqyired to restore the initial rate of dr flow

. —.
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under various test conditions. Thoso datn showed that tho
anount of flutd required is a funoti= of tho rate of air flow
that rrustbe roetoreiL On tho basis of two i aobiclng tests

?nado at @ oarburotor dr tazperature (runEI 7 and 70) in
tioh ehoat conplotc rocqvery of e~-flow rato and fuel-air
ratio were attalnc& it appeare that tho rooovory tine 18 Bone
Inverso funotlon of tho oarburoto~a.lr tenporature. It waa
found that the anount of d-icing fluid roquirod was eubstan-
tinlly indepandont of tho rate of i~ eotion for any given
nothod at de-icing fluld flow re.tosof 30 to SO pounds por
hour, nlthough r-iclw- W ocour r.tthe lower flows.

In orderto rostoro90 pormnt of tho cruising ai~flow
rato under t~housual test conditions with water continuing to
flow through the hiuotion systcm during the d-ldng process,
an average of about one-lwlf pound of Ploohol was rc~re~
It cqpears dosirablo to conduot cd?.itionaltests to dotamine
noro thorou@y tho a?ount of elcohol required to roe+cro
Initiel power at vnrious air toupornturos .nndaimflow m.tos.
Tho nothod and rato of do-icing fluid inJootion flpper.rsto be
of tuport~.co in recovery of fhil.-~ir rntlo. In tho uaJority
of the tests (sorlus B to F) reoovory of oporablo fizol-nir
ratio req@rod 1$ to & tlacs t?~t reqplrod for nlfiflow r+
Covery.

Oorrosivo offoct of do-ioing fluids. - As n result of tho
clogging of tho snnll orifloos of tho st”ndcrd Amy nozzlos
by d~sits ohsorvod during sono of the d~iciag tests, a
brief laboratory study w n?do to dotornlnc tko possiblo
corrosive effect of vvious d-icing fluids on certedn notds.
In thoso tests strips of poliShod brnss, copper, and 17S-T
sluuinun alloy wore euspondod in tho do-icing fluids tich
wero containod in test tubos~ Tho vwious test epocinens ro-
uainod pmrtielly imersed in tho fluids for a pcrtod of dmut
3 WOOkSo k10 of tho fluids oxo@ S@Dg~ -S found to havo
any corrosivo effeots on oithor ooppor or brass. ~is fluld,

“ thiohdnosnot ocmtain a oorrosion iztflbito?,caused blwlcening
of tho ooppor specinon and irldosconoo of tho brass epocimn
after n period of 2 or 3 daysf innoreioni All of tie fluids
oxcopt Solox ILI had a sli~t corroelvo offcct on nluninun
alloy in tho presence of coppor.

.
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Hoat De-Ioing Tests

Tw @?o’uPsof tOsts (SOJdOS MandlJ)

a.

were nado to inves-
tlgcto th;”us; of.hented ~r for the rouoval of refrigmation
ice fmn the tnduotlon system, !Uheiohg conditions 6f thas”e-
tostswere similarto thoso of uoat of the alcohol dodoing
teets, with the throttlo -holdfixed at the oruising air flow
rate and the O~bUrOtOr-air tsmperatum set at ~“ F. In tho
first soup of tests the water spray was turned off et t.ho
start of tho do-icing period, whlle In tho sooond grow of
tests the ~ter spray was left on t}~oughout the tests, The
results of tho toste am &own in figuree 33 and ~.

Study of tho datn ~ntiatnd t~t ~titfitive oonolusions
from tho results of thqse tests yore not warranted boo~so of
unforesoon d.i~fioulties experienced in controlling the tmpora-
ture and hunitity of the carlnmotor ~,ir. Tho test setup &so
failed to slnulato adeqyntoly an actual .airor~.ftinstallation.

In intorproti~ these data it should be notod that tho
heated nir taporatures vnriod consldornbly fron tileinittnl
values during the ptiiod when the @or portion of tho d-
icing ma occurring. !Raso tomporaturo vn.rintionswore at-
tributed to tho inhormt lng of tlm apparatus and instruuentso
and oMo to the largeproportion of tho hmt tdiic:Ima usid
in evaporating water prosont in the elr rather thn in rzl slug
the air tmpere.twre, An indication of tho tazporaturoloss
due to water evaporation z be seen in figuro 35, s record
taken during one of the tests of co,rburotorair tergoraturo
r.ndthe terrporuturoin a dry portion of the intake duct up-
strenm fron the point of wator injocthn.

DurinJccone of the heat b.icix teats rmdo at the ?!!&or
rangm of ;mporature, 95° to
Oamo EM.ghtly Onriohod. mls
faot thnt in being heated the
and full rocovorg of mass alr
Oarburotor was only partially
ohanges.

lk” ~~ the fiml-nlr ratio b=
onridment resulted fron tLo
doneity of tho air was deoroased
flow was proventod bocauso tSo
oomponsatod for tmporaturo

The tests dononstrcted the faot that heatod air oem’y-

ing euffioiat heat as tqoraturo rtso, or teuqmraturo rlso
plus additionellhunidity~ can ho fully as effective in re-
storing.f’ud-alr ratio and al~ flow as any”of the de-icing
fluid eyatens testo~ When freo wator waa mllowed to flow
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into the Induction taystom~ing the heated-air de-icing tests,
the available tqperature riso wz!.smud% lower. It wns foun~
however, thet effoctive de-icing me accomplished in spito of
tho free water present nnd the limited temperature rise,”pro-
vided aucugh heat was eqplied to ralso the carburetor=~r
t&perature above the limits of icing (&l” I’)for the induction
syet~. (Secjcurve of Muiting icing conditions, reference 1.)

.

COWLUBIONS

Because of the differences in Ioing characteristics of
various typos of ongiae ln&ction systms, the following con-
clusions are oomiderod directh qplioable only to the in-
duotiou system tested nnd for t!zot~eratures of theeo
tests. Mach of the data contained in this report’,however.
aro ~ectod to be of gsnoml vsluoa

1. A d~iclng fluid flow rnte of at lemst @ pounds
per hour of either Solo= Ih.Ior isopropyl alcohol inJoctcd
into the cerburotor b7 either the standard or tho nodif’iod
Honey alcohol vent ring was reqyired to nttnin rnpid r-
covery of cnaising nir flow cftm the air flow was reduced”
,~ ~ poroent bocmuse of “thoform-.tionof ice in th~ induc-
tion Systone The tlmo to rocovor oporcble ftzel-airrctio
(0.065 at cruising fir flow) was in gcner~ Q to ~ times
that nocess.nryfor the rwtcration of ~peroent initial ai~
flow rate. Rooovery of tieLnir rntio wns somowh~t longor
with isopropyl alcohol.

2. The results indicatod tlr-.tno hprovonent in de- “
icir~ offoctivoness WF.S~nlnod by st~ing the hgostion of
free water Into the induction syst~l et the stcrt of the d-
icing .procoss,but the poe gibility of r+icing W-S apparen%
ly elininatou .

3B It WWI obs-ed that nn offectlve do-icing fluid in-
jection device should distribute the fluid in the induotlon
syst= so that all parts of tho re@on wh~o Ice has forne~
including the throttle and othex carburetor mrfacea, are
eouplotsly washed by the fluid ia order to
and to prevent r~f cingb

4. Jhicing fluid should be iqj-octed
as possible to tho r@on to bo d-iced tn

ollninate”tho ice

8s closely upstreen
order to reduce
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fluld evaporation and dilution by -t or on the walls of the in-
duotion s~teu nnd in the air stro~ To oonply with this ro-
quironant, supplenentm?y systa.m nay be needed for parts of
tho induction systm other than the carburetor.

5. It wns concluded fron m fow exploratory tests that
manipulation of tho mrburetor throttles dnring the first few
skouds of fluid de-loing app~sontly resulted in nore rapid
eltiination of large ice formations frod the induction syst=”
then would be possible with the throttle held flxeL

6. Tho anount of deuiclng fluid required to rostoro
Initial alr flow and qe~dilo fudl.-elr ratio iaoremeed with
Inoreeso in the rato of air flow tkmt nust bo recovered and
RZW probably soae Inverso function of oarburotofiair tecrporc+
turo. For a Given nethod of fluld W oction the ~t of
d-icing fltid roqyir@ to attmin rooovery of tho alr flow
was substanti.nllyindspondent of tho rnto of do-iolng fluid.
flow in tho flow range of 30 to ~ pounds.por hour.

7e T-% Stniidard Ho1lw alcoholvent fing, because of
poor de-ici~- fluid distribution at injection rates of loss
than ~ pounds por hour of Solox ILIO pen.tittodconsidemblo
re-icl~. R-icing WELS notiooably roduood by substituting
isopropyl elcohol for Solox D-I. The usQ of tho modified ..
Holloy vcmt ring or tho ~tan@ti Amy nozzlos, Lnjoction de-
vlcos which hnve better distribution cksrnctoristics,@pox.
ontly elinlnatod re-ioing.

g. In ordor to provont tho fornntion of sorhus rofri~:-
eration 100 WIth freo wator flowing through tho carburetor .R*
r.rate of 250 grr.~sper aimzto, it was necessary to inJect
Solox ILI at a rate of 50 pounds p= hour or Isnpropyl alcohol
at a rate of 30 pounds por hour into the induction systa%
!Chesoti.tain~octgd the suporiority of isopropyl alcohol
ova Solox &I aS an aiit~icing @#lnt. Tho ellnlnatlon of
rbiclng by tho uso of tho aodificd Holloy ring md tho stan~
ard Amy nozzlos indientod the.tthoso devices would he.vo
bettor anti-icing quality than tho stnndard Hollw ring.

9. When used with isopropyl olcohol, the standardAmy
nozzles wero superior in d~io~ng offectivoness to othor
fluid ombinations at d~iclng fluid flow ratcs of 30 to ~ .
puunds per hour, inltid air flow beiw rostorod more rapidly
and oparablo fuel.air ~io bcdng restored In periods no lo~or
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than those attatned vith the crtharfluid.~tame. At highqr “
fluid floy rates the at~ Azmy zmzzles with Zaopmpyl “
aloohol were equal In de-ioing effeotivaneas to other .I?luld
syBtans. *

10. It WUYfouni that a deddng fluld, to be moat “effeotlve,
shouldhavea low -par pressure, a low latemt heat of vaporiza-
tion, a@ a large fheezing point depression. Isopropyl alcohol
proved superim tom8olox D-I in redwing the ocourrenm of ~to~
ti was a better antt-loing agent becmee of ita auperlorlty in
the fwt two qualities.

“11. It IRS tentatively detemined that S,D.30 - elA@
almhol were rou@ly equivalent to Sol= D-I aul lmpropyl
alcahol in air flqw reobv~ but were inferior in restoring
operable fuel-air ratio. @ the basis of a U9 test, ShelMWl
appeared slightly superior to the * fluids.

12. All of the de-iolng flui~ tested exoepb Sdlox D-I”
showed a sli@t ocqz=oslvaeffeot on alumlrnm alloy. The S.D.511
fluid, uhioh does not oontuin a corro6ion MUbltorz aleo had s .
sli@t oorrostve effeot on bxwu = oopper.

Is. Emalue of Uufaremtm diffmlltfel, ~~~-
equipment,It was mt poeslb.le to draw qnmtltdlve oonqhsic
fkm the heat de-loiqg teats. The data IAloated, hOwWar# that
heated alr proper4 appliedwL9 * a8 ef’feotiveIn restoring
alr flowad operablo fhel-air ~tio as any of the fluid de-
iolng nyetems tested.

14. It U&S foud”tbst lioatedwls tithe pro~ & &es”
water prmlded effeotivexwetoratlazof dr flow and ~ble
fuel-air ratio if enough heat was -ad to the satumted air
to raise the tempemture above the t~ture limltof iolng
for the iduotlon system(80°F).

. .
National Bureau of stedards,

Miahington, D. C. .0
,

REFmam&
1. Klnlba.11,Leo B.?

systems. NACA
Ic~ Test6 of Airoraft-Engineb3wtion
ARR, Jiam.194S;



TABLE II.- AUOUTT Or AICOHOL EnQUmD TO l~$Ta 90 ~O=XT ~ IIIZIAL AIE iFLOW
UlfDEE VARIOUS TEST COMDITIOMS

.

“ Alcohol Air De-icing Recovered Vat or Av. amount of
Serieo injeotlbn temp. fluid air flow Injection alcohol used

device~ (OO ~ ) (lb/hr ) rate (lb) ~
(cc/nIn)

A

B

H.11. 40

40
40

40

40
40

40
40
40

40

40
40
40
40

40
40

25
as

Solox D-I 6300 a50 1.3

E.R.

E.R.
Solox D-I
Ieopropyl

3600
3600

250
250

.60
● 55

0;

D“

H.B. Solox D-I 3600 0 .44

M.A.U.
A.S.

Solox D-I
Solox D-I

3600
3600

250
250

1.2
● 53

A.E.B.
H.A.II.

A.8.

Ieopropyl
Ieopropyl
Isopropyl

3600
3600
8600

250
250
250

4.8
.59
.39 “

.52M.H.R. 3600Solox D-I 250

H.R.
H.E .
H;R.
H.E.

SO1OX D-I
Solox D-I
SoloX D-I
Solox D-I

450
1800
3600
6300

a50
250
250
250

.40 ‘

.25

.41
,99

I
G

1

A.Ii.

A.E.
Ethyl
S.D.30

3600
3600

. 250
250

.60

.49
I..

A.S.
H.H.R.

Isopropyl
Solox D-I

3600
3600

250
250

1.26
1.33

L

lH,E., 8tandUd Honey vent ring; H.A.H,, modified Army nozsles; A.E.}
standard Army nozzlen; A.H.E., Army nozzlee at scoop elbow; H.H.Il., modified
Honey vent ring.

I



TABLE 1.-DE-ICINGOF AN AIRCRAFT3S01NE INDUCTIONSYSTSMBY MEA
FIOLLEYCARBURETOR1375-FHRIGET18S0-G-200Is2TD

!j
:–—
Serj

:

3
4

:
7
8

1?

4-L

Ser
12

13

14
15
16
17

18

m

14-A
15-A
16-A
17-A

-

%
al
22

23
24
25
a6
a7
Ser
28
a9
30
31
32
Ser
93
34
35

%
37-A

3::4
39
39-A
39-A
40

~
2ei
4s
43
44—

z
~
I*
Y
‘3

Ii)
l+.

T
&o
ko

40
40
40
40
40
40
40
40

40

=
40

40

40
40
40
40

40

m

40
40
40
40

-u
40

;;
40

40
40
40
40
40
m
40
40
40
40
40
2
40
40
40
40
40
40
40
40

%
40
40
~
il
40

;
1
2

M.E.

Icing

iooo .070

_t-
;ee ,gu
4050 .071

3940 .072

+

3980 .070
S960 .073
3940 .071
3940 .071

~oao .070

3s5 .0!’0

4003 .0s7
!000 .070
booo .070
4000 .07a

3ee tgu

4000 06s
4000 .06S
4000 .070
4050 .C69

i

4050 .069
4050’.07C
4000 07C
4030 .072
4100 .071
ee +,9.

400Q .06:
4000 .07(
4W0 .07(
40s0 .071
4000 06[
See fiq.

m-
12.5
14.0

I
14.a 2000 .04740
14.3 acoo .04340
15.5 2QC0 .04640
16.5 2000 .04240
17.3 2W0 .04140
17.7 aooo .03740
15.0 2000 .03740
15 aooo .04540

15
1

‘“ t-l
aooo .04040

1,/2)
16.5 aooo .03340

15.5 1980 .03640

16.751960 L 40
15.5 1960 .04940
16.0 1960 L. 40
ao.5 1960 L 40

18.0 1960 .05640

a4 120001.041140

al.5 aooo 04s 40
19.0 aooo L 40
14.5 2000 L 40
14.0 2000 L 40
2
,/4)
33

Im

aooo ,03340
18.5 1800 L 40
31 2000 ,03740
14.5 2000 L 40

M
15.5 2000 L 40
15.5 2000 L
13.5 ::3: .:4 8

50
:?.3 2000 L 70
16]
21 aooo .03540
16.5 2000 .03640
22.752000 L
ao.a5 aooo .040%
20.252000 .05140
,/8,/920

I-n
29.5 2002 L 40
23.3 2iXF3.03640
23.s 2000 .03640
16.3 2000 L 40
17.6 2000 L 40
36.5 2000 L 40
19.5 2000 .05240
29.5 2000 .03640
15.0 2000 L 40
22.5 2000 .04340

2000 .03640
16.5 2000 L 40
11.5 2000 L 40

h

m–—.
20 2000 L 40
15 2000 L 40
16.752000 L 40
—

~~
,9

Z2
ix.0

.-l

:3
. .-—

250
250

250
250
a50
250
a50
a50
250
a50

a50

250

250

a50
a50
250
a50

250

a50

250
250
250
250

0
0
0
0

0
0
0
0
0

250
250
a50
250
250

250
a50
250
250
250

25:
250
250
250
250
250
_J

25(
25(
a5c—

De-icing
1 !

SoloxD-I H.R.
SolOxD-I H.R.

SoloxD-I H,R.
BO1OXD-I H.R.
801oxD-I H.R.
soloxD-I H,R.
BoloxD-I H.R.
SO1OXD-I H.R.
801oxD-I H.R.

““’oxd ‘R

SO1OXD-I H.R.

SoloxD-I R.R.

SO1OXD-I H.R.
SolOxD-I H.R.
SoloxD-I H,R,
SoloxD-I H.R.

80101 D-I H R.

Isopropyl H.R.

Isopropyl H.R.
Isopropyl H.R.
Ioopropyl H.R,
Isopropyl H.R.

1
6010xD-I H.R,
SOiOXD-I H.R.
SO1OXD-I H.R.

SO1OXD-I H.R.
SO1OXD-I H.R.
SO1OXD-I H.R.
SO1OXD-I H.R.
SO1OXD-I H.R.

--i-

SO1OXD-I M.A.U
SO1OXD-I 11.A.N
SO1OXD-I M.A.N
SoloxD-I A.N
SoloxD-I A:E

1
IsopropylM.A.N
180ProPYlU.A.N
Isopropylu,A.12
IsopropylA.N.E
IeOPrOPYlA.N.E
IsopropylA.U.E
Impropyl A.N
180propyl A.N
Iwopropyl A.N
Isopropyl A.U
Isopropyl A.N
Isopropyl A.N
180 ro 1 A.N,

10

20

30
40
50
so

so

20

30
40
50
60

2:
30
40

60
5D

::
60—

ao
40
60
29
37

20

1%
27
36
44
30
31.
40.
43
40.
62
Q.

30
so
60—

.-

tyondoperatkg range;R, mixturerich beyondoperat!

1
1

i
1
1

1

1

1
1
1
1

i
:
1
1
1
1
1—

1
1
1
1
1—

1
1
1
1
1
1
1
1
1
1
1
1
-1_

1
1
1

Ii

<

20 10..75
ao 6.0

13 1.5
13
16 1::
14 .4
13 l.a
18 1.2
1: 1.0

ao 3.2

23 14.5

al 1.B

ao 1.0
aa .75
20 .58
14 .56

12 .26

22 4.2

22 2,0
13
11 ::
7 .3

a; :7
14 .9
10 .6

5 .5
5 .4
4 :4
7 .4
5 .4

a3 6.0
1s
15 i::
16
16 1::

20 1.7
16 .9
16 .6
22 16
20 3.B
15 2.6
10 .6
22 .3
10
10 1:?
20 .5
10
7 . :;

J__

10 1.4
.2

1; .6

B
a,a

1.5
.7

1.1

:4
.5
.6

1.6

,7

.3

1.0
1.3
1.0
.6

.6

6.8

7
5.2

1:2

14
2.a
1.6

1.4
1.2
.6
.7
.6

4.0
2.4
1.7
7.0

LO
2.0

11-
4.5

11::

2::
1.5
.6
9.

1.9
.4
.6—

1.79
a

.75

.33
1.5
.4

1.4
1.6
1.5

2.a

2.33

.50

.50

.50

.49

.58

.33

1.4

1.0
.47
.42
.3

.47

.45

.53

::3
.47
.4
4-

2.0

1::
.42
.62

.51

.6

.6
6.6
2.98
2.05

:;6
.34
.79
.34
.41

~

.7

.af
6.—

FLUID AND BY HEAT~ AIR
6ECTION

I-lkl I
N
m

S6 6950 .06120
,0S9 6600 .07720
.0807150 .036 1.5

7150 - .5
.0656643 .Oa 6.0

7040 .06a 13
.;75 7060 .060 3
.0647140 .06510
.0797150 .09210
- - - -

Slow fluctuatingrecovery;lem mixture.
810wrecov8ryneverreachinufull
emer&enw poier.
Slowmixturereoovery.
Ice formationouueout.inone chunk.
Mcderatereoovery.
vary rapidrecovery.
Rmpidrecovery.
Rapidreoovery.
Rapidrecovery.
Continuedicinguntilflow dronntito. .

zero.
.0677600 .07617.45LU e chunkof ioe remainingon !IOZX1O

dc~ayedrecovery.
1 1 1 ,

.039136001.067117 I very dow recorery of ●ir flow uzd
mixture.

.0s53940 .067 3.0 Re-icingdown to 2600 lbfhrflow.
Ice in rent~i.

.0603900 .cba 1.5 Re-icingto 3000lb/hr.Venturiice.

.0593960 .070 1.66 Re-lclngto 3290 lbfhr.AAr flow.

.0563940 .071 a.5 Slightre-icing.

.0563900 .069 a.o Uo rinibleice re~ned in ltiuotion

.0463940 .069 l,4a N~y~!%ble ice remainingin induction
.V.t,m.

~

.0563650 .062 4.5 S1OW recovery,re-icingto

.0453950 .063 a.a 61ightre-icing

.C643970 .070 1.6 Rapid recovery,slightre-icing.

.0553920 .071 4.0 Rapidrecovery,ice remainingon

Flowdroppedoff to zero.
;54 3;00 0;4 lo- Largechunkremainingin adapter,
.05a3950 .068 3.5 Moderu.te but completerecovery.
.0514000 .066 2.4 Largediminishirachunkleft in

~

.0554000 .069 2.6 Adapter~learedcom letelyof ice.

.03a4000 .071 3.5 Adapter clearedof ce.
C62 4000 .070 1 4 Aiapterclearedof ice
.0564060 .071 4.0 Completerecovery.
.0574060 .07a a.2 Completerecovery.

.0573650 .06415 Slow recovery.

.0643960 .070la Modere.te recovery.

.0563950 .070 4 Moderatereoovery.

.0544030 .06914 Moderaterecovery,ice completelygone.

.05a3990 .06714 Ice completelyremoved.

L
.0543SS0 .06114
.0543940 .065la
.C593930 .069 7
.0533700 .05720
.0- 3970 .0711s
.0554000 .06514
.0663900 .071 5

39sO ,064 9
.0613960 .071 5
.0573950 .067 2.4
.0633950 .069 6
.0493900 .070 a.6
.0573950 .070 1

Ill

Slow incompleterecovery.
Moderaterecovery,ice left inadapter.
Moderaterecovery,ice left In adapter,
Slow incompleterecovery.
S1OW recovery.Ice left in adapter.
Slow recovery.Ice goneafter15 min.
Rapid recovery.Ice leftin adapter.
Rapid recovery.Ice in mdspter. .
Rapid recovery.Ice leftin ni.pter.
Slow recovery.
Rapid recover.Ice in adapter.
Rapid recovery.Ice left in adapter.
Rapid recovery.Ice leftin admpter.
1

Moderaterecovery.HO re-icing.
.050.3950.067 .6 Very rapidrecovery.

!., HolleYring,A.3., 8t63uiarflhmy Air FOrceE!UOZZ1e~; M.A.N., modil
❑edifiedHoney rina;W.6.Y., mediumwater 8DrhYnozzLe.

1 Army Air Foroesnoszles$A.N.E. ●tanderdArmy Air Forcemnoz~lemat #coop elbow;
-.



TABLE 1.- (concluded)

I

1
d

4
2
II
c
~
5=
104
108
C69
D70
0s9
071
103
102

Z=
M9
070

069

077
+
070
070
070
071
070

+
070

070

%=

&

z
0s7
070
0s7
m
070
070
070
0’/0
070
0s9
069
071
070
f;+
070

I;,;2 :%

E< %?
z: :.- .
? 23

1

250 11.2
250 8.5
250 26
250 39.5
250 33.0
250 20.2
250 7.5
250 6
r 24)

L

250 24.7
250 24.7

250 20.0

250 20.0
-e 5)

L

250 36.5
250 29.0
250 19.6
250 39.7
250 17.0
‘e 26)

:

250 13.2

250 14.5
-e 27)

ez
2.2

% 1.?
250 2.2
250 2.C
2S2 3.C
c 33)

L

250 21.:
25a 11.s
2%7 16.C
z= 14.5
250 13
25a 17.2
2YI 18
2s3 14.5
250 13

1

re 4)
250 17

a= 19
2W 15
250 19.7
25Q la
254 19.:

m De-!

m
5-J
:3;~

~

SO1OXD-:
SO1OXD-:
SOIUXD-:
SolOxD-:
SoloxD-:
Soloxo-:
SoloxD-,
8010xD-.

SO1OXD-:
SO1OXD-:

SO1OXD-:

SoloxD-:

Ethyl
Ethyl
S.D.30
S.D.30
Shellaco:

180pr0py:

Iaopropy’

Soloxo-:

SO1OXD-

SoloxD-:
SoloxD-
SO1OXD-
Soloxo-
SoloxD-
Isopropy
Imopropy

Iaopropy
SoloxD-
SoloxD-
Soloxo-

6 .3
.6

12 .5
10 .3

.8
;: .3
11 1.3
11 1.1

10 1.0
10 .1

10 .3

6 2.2

16 .6
20 1.0
16 1.1
16
7 ::

6 2.0

7 2.2

30

14

20
30

::
ao
30
3a

10 1.6
10 -
10
7 1;0
5 .6

1: 3:5
s 1.3
9 3.0

.4
;: .9
6 .3

: ::

.6 -

ii 1::
10 .7
6 .7
6 .3

—

!----J-
1z % z

$< :
f

g~ ;- :CJ
.4 :s .,;5 4 j!
as 2

2m .24040
2C0 .33040
1000 .08640
100Q.08240
2ocm.03740
20CKIL 40
3500 L 40
3500.06040

2000.03s40
2000 L 40

2000 L 40

2000 L 40

2000.03640
200Q.03040
2000 L 40
Zuoo.03940
2100.03740

!g

12
:B
;;

R
51C
51C
2oci
ao~
42-X
400C
717C
717C

CSee
400C

400C

E
401X
4m
WC
39X
4CNX

(See
4@X

4CaX
{set

m
4ax
4az
4aM
42iX
4DDC

(See
4CKX
4DOC
40CK
4WC
4oci
40X
4W(
4CCK

(%
4M

[g-
1.+❑
.2
,+
,..
,-
,6,,.A-
—

a50
250
250
250
a50
250
250
250

250
250

a50

250—

aw
a50
250
250
a50—

250

0

a50

a50

250
250
250
a50
250
250
a50—

250
a5a
Em
260
aw—

0
0
0
0
0
0
0
0
0

z
g

>

1
H.R.40
H.R.60
H.R.40
H.R.60
H.R.40
H.R.60
H.R.40
H.R.60 L

.20 .12’

.6o .12:

.20 .07,

.30 .0s(

.53 .0s’

.3 .05’

.86 .09’
1.1 .09:1

510 .llf
430 .la
1930..07:
aooo .06i
3670 .06!
395o .06!
6770 .09[
7060 .09;

1

::
.9

3
.9

1
7— k

Mixturewent rich.Rapidrecovery.
MixtureWnt rich,Rapidrecosery,
Throttlingice,richmixture,re-icing.
?hrottlios ice,rich■ixture,re-iciog.

H.R.60
H.R.60

7140 .07:
4000 .06{

4420 .06:X1.1 Fluctuationof air flowafter9@ “

1.0 Throttlereopenedto mre openpoml---L
49 40
50 40

51 40

52 40
SerienI 1

1.0 .07:
.1 -

.3 OY

?.2 .06:

H.R.60

-t
H,R. 60

+
7s0 .07:

53
54 I
55
56
57
Seri
58

59
Seri
60

61

6a

::
66

6?A
62-A

Sari
67
6S
69
70
71
Sari

%
40
40
40
=
40

40
i-i

i-i
a5
25
a5
25
a5
E

-L
A.N. 46
A.N. 35
A N. 29
A.N. 44
A.N. 42 -L

.61 .05

.58 .05

.53 .05’

.44 .054
as .05:L

397o .06[
395o .06:
3960 .07(
3940 .071
s960 .06$LLuH&L_

ModeraterecoTery.Ice leftin ~mpter.
Moderaterecovery.Iceleft in uiapter.
Moderaterecovery Ice in adapter.
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IJACA Fig. 2

Figure 2.- Carburetor and air scoop showing observation win-
dow and Army nozzle locations.
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Figure 5.- Typical refrigeration ice formation in carburetor
adapt er.



Figure 6.-
●“

Impact ice formation on fuel nozzle bar and in venturis resulting from o
low temperature operation.
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